This study investigates how perceived unfair treatment, towards self and observed towards others due to ethnicity, is associated with periodontitis among diverse Hispanic/Latino adults, accounting for sociodemographic, health behavior, and acculturation factors. Baseline (2008Baseline ( -2011 dental and survey data from the Hispanic Community Health Study/Study of Latinos (HCHS/SOL), a multicenter epidemiologic study, were analyzed (N = 12,750). Crude and adjusted prevalence ratios and confidence limits were estimated. Half (49%) reported never being treated unfairly, while 41% reported they were sometimes, and 10% reported it often/ always. One third (32%) never saw others treated unfairly, while 42% reported it sometimes, and 26% reported it often/always. In the final fully adjusted model, the prevalence of periodontitis was higher among adults who were as follows: non-Dominican, older, male, had a past year dental visit, current and former smokers, and among those who observed unfair treatment towards others. Lower prevalence was associated with higher income, higher educational attainment, less than full-time employment, reporting experiencing unfair treatment, higher acculturation scores, and having health insurance. Perceived unfair treatment towards self was negatively associated with periodontitis prevalence, while observed unfair treatment towards others was positively associated with the outcome among diverse Hispanics/Latinos. The associations between unfair treatment and periodontitis warrant further exploration.
Introduction
Oral health is critically important for overall health. While oral health has improved for most adults in the United States (U.S.) in recent decades, racial/ethnic disparities exist [1, 2] . Periodontal disease is an inflammatory chronic disease. Periodontitis is common among adults, potentially interfering with eating, speaking, and quality of life. Ultimately, periodontitis can lead to pain and tooth loss. More severe chronic periodontitis is found among lower socioeconomic status (SES) individuals and members of racial/ethnic minority groups [3] . Hispanics/Latinos are an extremely diverse population, with about one half born outside of the U.S. [4] . In the U.S., Hispanics/Latinos comprise the largest ethnic minority group (17.6% in 2015) [5] and are overrepresented among the poor [6] . Yet, little is known about the impact of Hispanic/ Latino background heterogeneity upon oral health disparities.
Oral health data for U.S. Hispanics/Latinos from diverse backgrounds, prior to the recent Hispanic Community Health Study/Study of Latinos (HCHS/SOL), are lacking. The first national assessment, the 1982-1984 Hispanic Health and Nutrition Examination Survey (HHANES), included Mexican-Americans, Cubans, and Puerto Ricans. Ismail and Szpunar [7] reported the highest prevalence of chronic periodontitis among Puerto Ricans in HHANES. The next major effort was within the [1985] [1986] National Survey of Oral Health in U.S. Employed Adults and Seniors [8] . This assessment showed that Hispanic Americans had similar periodontal health as non-Hispanic Blacks; both had poorer health compared to non-Hispanic Whites. The National Health and Nutrition Examination Survey (NHANES) III's sampling strategy allowed for estimates of Mexican-Americans for 1988-1994, again showing similarities to non-Hispanic Blacks, and poorer health than non-Hispanic Whites [9, 10] . Subsequent continuous NHANES assessments measured periodontal disease and report outcomes for Mexican-Americans. In NHANES 2009-2012, among adults 30 and older, overall prevalence of periodontitis was 46%, and highest among Mexican-Americans (64 versus 41% for non-Hispanic Whites) [2] . In HCHS/SOL, the prevalence and severity of periodontal disease differed by Hispanic/Latino background group [11, 12] , supporting the need to further study factors related to heritage that may vary.
Low acculturation has been associated with poorer oral health and fewer dental visits among Hispanic adults [13] [14] [15] . Many Hispanic/Latino adults lack access to dental care [16] and acculturation is instrumental in accessing services [17] ; English speakers were more likely to visit the dentist in the prior year than Spanish speakers [15, 18, 19] . Better clinically assessed oral health has been documented among Mexican immigrants compared to U.S.-born Hispanics/Latinos [20, 21] and the more acculturated [17] . Better self-rated oral health quality of life has been documented among first-generation Hispanic/Latino adults than U.S.-born Hispanics/Latinos or White counterparts [22] .
Research has examined broader social, psychological, and sociocultural determinants of oral health in efforts to elucidate the processes' underlying disparities [23] [24] [25] [26] . According to epidemiological theories of the social production of disease, SES influences an individual's exposure to potential stressors and access to resources that may affect health [27] [28] [29] . This study draws on the ecosocial theory [30] [31] [32] , which is derived from social epidemiology. This theory focuses on discrimination and unfair treatment and recognizes that social factors and our social experiences can affect health. We take a direct, individual-level approach and used self-reported survey measures to assess unfair treatment to self and others in this cross-sectional study. Given available data, we examine perceived unfair treatment while accounting for sociodemographic and SES characteristics. We further adjust for acculturation factors related to language, ethnic identification, and nativity. We then account for behavioral factors that can affect oral health status, including dental utilization history and insurance status, cigarette use, and medications.
Lower SES and racial/ethnic minority status often expose individuals to more stressors, like financial hardships and discrimination, and act as barriers to coping resources [33] . A systematic literature review identified increasing stress and other psychological stressors were positively correlated with increases in periodontitis in over half (57%) of the studies [34, 35] . In the last two decades, various psychosocial stressors and periodontal disease have been studied [36] [37] [38] [39] [40] [41] [42] ; however, no previous studies have examined unfair treatment and periodontal disease prevalence among Hispanics/Latinos. Moreover, little is known about the heterogeneity of that association among Hispanic/Latino background groups.
Unfair treatment due to ethnicity is an understudied potential stressor for U.S. Hispanics/Latinos. In 2016, experiences of ethnic discrimination were self-reported by about half of Hispanics/Latinos [43] . Hispanic/Latino subgroups also have divergent views about their ethnic identity [44] . Self-reported experiences of discrimination have been positively associated with poor mental health outcomes. While reports of associations with physical health outcomes are less consistent, collectively, evidence suggests the cumulative effects of discrimination act as a stressor, with negative impacts on health [45, 46] . Very few studies have explored unfair treatment and oral health. They all relied on self-reported oral health outcomes (self-rated oral health status, tooth loss, or toothache), and most did not report any significant findings [47] [48] [49] . One study found a significant association between high levels of reported racism and self-reported toothaches among pregnant women [50] .
Thus, there is a research gap. Unfair treatment due to ethnicity has not been explored in oral health, especially for clinically determined periodontal health status, among diverse Hispanics/Latinos. This study investigates how unfair treatment, towards oneself and observed unfair treatment towards others due to ethnicity, is associated with periodontal health in a large sample of adults with different Hispanic/Latino heritage identities in the HCHS/SOL. The analysis accounts for sociodemographic characteristics and unfair treatment, and further adjusts for acculturation factors and behavioral factors. It is hypothesized that lower SES individuals and those who perceive more frequent unfair treatment due to ethnicity will have periodontitis.
Methods

Participants
The Hispanic Community Health Study/Study of Latinos (HCHS/SOL) is a large, multicenter, population-based prospective cohort study of Hispanic/Latino adults (18−74 years). The HCHS/SOL study design and methods are detailed elsewhere [51, 52] . In brief, the purpose of HCHS/SOL is to investigate and identify risk factors for several diseases, and to examine the relationship between acculturation and health status. Baseline assessments (2008-2011) included about 4000 adults from each of four U.S. field centers (Bronx, NY; Chicago, IL; Miami, FL; San Diego, CA), with older adults (45-74 years) oversampled. All participants provided written informed consent, then completed questionnaires and comprehensive physical and dental examinations.
Measures
Periodontitis
The outcome of interest for this analysis was periodontitis. Dental examiners conducted periodontal assessments for dentate participants who did not require prophylactic antibiotics. Probing pocket depth (PD) and gingival recession were measured at six sites per tooth (distal-facial, mid-facial, mesialfacial, mesial-lingual, mid-lingual, distal-lingual) to calculate clinical attachment loss (AL). The Centers for Disease Control and Prevention (CDC) and American Academy of Periodontology (AAP) case definition for mild, moderate, and severe periodontitis was used in this study [53, 54] . This case definition classified mild periodontitis as two or more interproximal sites with AL ≥ 3 mm, or two or more interproximal sites with PD ≥4 mm (not on the same tooth), or one site with PD ≥ 5 mm. Moderate periodontitis was defined as two or more interproximal sites with AL ≥ 4 mm (not on the same tooth), or two or more interproximal sites with PD ≥ 5 mm (not on the same tooth). Severe periodontitis was defined as two or more interproximal sites with AL ≥ 6 mm (not on the same tooth) and at least one interproximal site with PD ≥5 mm. Dental exams were conducted by 18 examiners, trained and calibrated in NHANES methodology. The examiners assessed the number of teeth present and caries, restorations, and periodontal status for all permanent teeth, excluding the third molars. Examiner agreement was high for PD (95.8%) and AL (92.85%), and additional examiner training details and statistics for the periodontal assessments were reported by Sanders and colleagues [12] . The final outcome variable combined mild, moderate, and severe periodontitis into an Bany periodontitis^group versus Bnone.^This classification has been used in other recent research using national health data examining periodontitis and acculturation among Mexican-origin adults in the U.S. [55] . Dominicans were the reference group with the lowest prevalence of periodontitis.
Sociodemographic Characteristics
Participants self-identified their Hispanic/Latino background as Dominican (reference), Central American, Cuban, Mexican, Puerto Rican, South American, more than one background, or other Hispanic/Latino heritage. Age (continuous) and sex were reported. Annual household income was grouped as follows: <$10,000; $10,000−< $20,000; $20,000 −< $40,000; $40,000−< $75,000; or ≥ $75,000. Marital status was classified as single, married, or living with a partner, separated, divorced, or widowed. Educational attainment was grouped as less than a high school diploma, attainment of a high school diploma or equivalent, or education beyond high school. Employment status was classified as full-time, part-time, retired, or unemployed.
Unfair Treatment
Two items assessed unfair treatment, to self or towards others, attributable to ethnicity [56] . Participants reported how often they have seen friends (others) treated unfairly and how often people treat them (self) unfairly because they are Hispanic/ Latino. The response options were never, sometimes, often, or always, with the latter two categories combined for analysis.
Acculturation
Nativity was defined as foreign-born or U.S.-born. Acculturation level was measured using the language subscale of the Short Acculturation Scale for Hispanics (SASH) [57] , with the exclusion of the two items pertaining to the language preferred for watching TV programs and listening to radio programs. The SASH language scale focused on language and social interaction preferences and was scored on a 5-point Likert scale (1 = Only Spanish/All Hispanic/Latino, to 5 = Only English/All non-Hispanic/Latino). Higher SASH language scores corresponded to a higher degree of acculturation. In this sample, the SASH language scale had high internal reliability (α = 0.93). The ethnic identification score was the average of two items from the Multigroup Ethnic Identity Measure [58] to address a sense of belonging and pride in one's ethnic group, and higher scores indicated stronger ethnic identity. Each item used a 5-point Likert-type scale ranging from 1 (strongly disagree) to 5 (strongly agree).
Behavioral Factors
Participants indicated whether or not they had health insurance and reported time since last dental visit. Possible response options (≤ 1 year, > 1 year, ≤ 5 years, > 5 years, or never visited) were collapsed to indicate whether or not participants had a dental visit in the previous 12 months. Cigarette use captured whether participants were current, former, or never smokers. Never smokers were those that have never smoked 100 cigarettes. Former smokers had to have smoked at least 100 cigarettes in their entire life and also report that they do not currently smoke. Current smokers were those that smoked at least 100 cigarettes in their entire life and reported currently smoking some days or daily. Whether or not the participant was taking one or more medications associated with dry mouth (including any of 12 different classes of diuretics or antipsychotics) was assessed.
Analysis
The HCHS/SOL enrolled 16,415 participants, and 15,848 also completed a dental examination at baseline. There were 2370 individuals with insufficient periodontal information to determine case definition, along with 31 with undefined Hispanic/ Latino background, and 697 missing data for other covariates that were excluded from this analysis. Thus, the analytic sample included 12,750 persons without missing data across any variables.
Statistical analysis was conducted using SAS 9.3 (SAS Institute Inc., Cary, NC, U.S.). The methodology employed for all analyses accounted for the complex sampling design and applied the overall normalized sampling weights that were calibrated to the U.S. 2010 Census within the HCHS/SOL target areas, such that estimates reported generalize to the non-institutionalized Hispanic/Latino population aged 18-74 living in these geographic areas.
All descriptive analyses were conducted across the analytic sample and separately across the seven Hispanic/Latino background heritage groups and by periodontitis status. Combined periodontitis based on the CDC-AAP case definition was modeled as a single binary dependent variable for the multivariable survey logistic regression model analysis. Survey logistic regression estimated crude (CPR) and adjusted prevalence ratios (APR) and 95% confidence limits (95% CL) for each covariate. A series of models were fitted. Model 1 included only sociodemographic characteristics and unfair treatment variables, and in Model 2, acculturation variables were added. The final fully adjusted Model 3 included sociodemographic characteristics, unfair treatment, acculturation variables, and health behavior variables together, and multicollinearity was not found.
Results
Sample characteristics by Hispanic/Latino heritage are summarized in Table 1 . There was a high concentration of different Hispanic/Latino heritage at each Center, and only the heritage group was included in the final adjusted models. Overall, 63% were less than 50 years old, half the sample was female, 44% earned < $20,000, and half were married. Notably, Dominicans were younger relative to other heritage groups. Most (70%) attained a high school education or more, and 37% worked full-time.
Variation in the distribution of perceived unfair treatment by background group was observed. Overall, half of the participants (49%) reported they were never treated unfairly, but the rest reported more frequent experiences: sometimes (41%) and often/always (10%). Individuals reported seeing others being treated unfairly because they were Hispanic/Latino more often than they perceived unfair treatment due to ethnicity themselves. Only about one third (32%) never saw others treated unfairly, while 42% reported sometimes, and 26% reported often/always observing others treated unfairly due to ethnicity.
The mean ethnic identification score was 3.18 (approximately median value), and ranged from 3.08 among Puerto Ricans to 3.27 among Central Americans. Acculturation scores indicated only 3.9% were highly acculturated and 77% were foreign-born. Half the sample did not have health insurance, and 50% had not been to a dentist in the last year. Twenty percent took one or more medications, and 20% were current smokers, 17% were former smokers, and the majority (63%) never smoked cigarettes. Table 2 presents the distribution of each covariate by periodontal health status. Overall, about half (51%) of the participants were in periodontal health, and 10, 30, and 8% had mild, moderate, or severe periodontitis, respectively. Dominicans had the highest prevalence of periodontal health (68%), followed by those of mixed Hispanic heritage (65%). Among the other heritage groups, periodontal health ranged from a low of 42% (among Cubans) to 55% (among Puerto Ricans).
Unadjusted and adjusted logistic regression model results are presented in Table 3 . All variables were statistically significantly associated with periodontitis in the unadjusted bivariate models, and CPRs and CLs are shown in the left column. In Model 1, which adjusted for sociodemographic characteristics and unfair treatment, marital status and observing others treated unfairly were no longer statistically significant, though the unfair treatment variable approached p < .05, and was significant in Models 2 and 3, after adjusting for acculturation and behavioral factors. Marital status remained insignificant in all adjusted models. In Models 2 and 3, ethnic identification scores and nativity status were not statistically significant, though nativity status was borderline significant (p = .06 and p = .05 in the respective models). Results from the final, fully adjusted Model 3 are described below.
Compared to Dominicans (reference group), the prevalence of periodontitis was higher in all other Hispanic/Latino , and 53% higher for Mixed/Others (95% CL 1.14-2.70). The prevalence of any periodontal disease increased with increasing age and was 71% higher for males than females (95% CL 1.51-1.95). Gradients were observed for income and education. Individuals with incrementally higher income or greater education demonstrated lower prevalence of periodontitis than those in the lowest respective categories. Additionally, individuals working less than full-time had a lower prevalence of periodontitis compared to those employed full-time in the workforce.
Each of the two unfair treatment measures demonstrated significant, yet inverse, associations with periodontal disease prevalence in the final adjusted model. When individuals selfreported they experienced more frequent unfair treatment themselves, it appeared to be protective, and adjusted disease prevalence was lower than for individuals that never reported unfair treatment. However, periodontitis prevalence was higher for individuals that observed more frequent unfair treatment of others, relative to those who never observed unfair treatment of others due to being Hispanic/Latino.
Higher SASH acculturation scores were protective. Periodontitis prevalence was 36% higher for current smokers (95% CL 1.16-1.58) and 18% higher for former smokers (95% CL 1.01-1.39) compared to never smokers, and 27% higher for those with a past year dental visit (95% CL 1.13-1.43) compared to those with a visit more than 1 year ago.
Discussion
Our study represents the first attempt to examine the association between perceived unfair treatment due to ethnicity and periodontal disease status in a large population-based cohort of diverse Hispanic/Latino adults in the U.S. The positive association of frequently observing unfair treatment in others with periodontal disease prevalence was found in the final, fully adjusted model and is consistent with our study hypothesis and other literature suggesting more frequent unfair treatment experiences or greater perceived discrimination are often health risk factors [59, 60] . In contrast, those who perceived unfair treatment towards themselves demonstrated a negative association with periodontal disease prevalence in the crude and final adjusted models, contrary to our study hypothesis. Assessments for multicollinearity and additional analyses (not shown) demonstrated that the two measures of unfair treatment were independent. Similar associations were also found using different versions of each variable.
No other known studies have examined unfair treatment and periodontitis among U.S. Hispanic/Latino adults. This study's results related to observing unfair treatment in others due to ethnicity are similar to the positive association between racism and self-reported toothaches reported by pregnant Australian women [50] . The study findings are contrary to the null results reported by other studies, which used the Everyday Discrimination scale to examine associations between self-reported oral health status among adults in the U.S. [47, 48] and Brazil [49] . The Everyday Discrimination scale inquires how often one has experienced different types of unfair treatment, which can be attributed to different causes, including, but not limited to, race. Our study assessed HCHS/SOL utilized two single-item measures, which captured global perceptions of unfair treatment towards themselves and others due to ethnicity. It is difficult to completely measure such a complex construct with only two single items. The survey items assessed perceived frequency (never, sometimes, often, or always) rather than explicit counts of experiences within a specific time period, and perceptions may indeed differ for an individual reflecting about themselves versus others. Half the sample reported never perceiving unfair treatment themselves, but about two thirds reported observing others being treated unfairly. There was no assessment of experiencing different types of unfair treatment under varying circumstances. Unfair treatment can range from minor interactions that could occur routinely in daily life (like a salesperson or coworker being rude) to more extreme examples that are more rare (like being fired). Major events like firing occur less often, but may be more salient and have a greater influence on global perceptions of unfair treatment and perceived ethnic discrimination if the incident is clearly attributable to being Hispanic/Latino. These occurrences may also be motivated by reasons other than ethnicity.
The common observation that other Hispanics/Latinos are regularly treated unfairly can be a constant source of stress and a health risk factor. Exposure to discrimination is likely to have a greater negative impact not only if it is more frequent but also if occurrences are more intense [59] . Previous assessments of U.S. Latinos showed that experiences of discrimination varied by sex, nativity, and ethnicity [62] . Some stressors may be potentially modifiable, although it is difficult for an individual to reduce perceptions of discrimination, a potent factor that often results in emotional stress. Perhaps more important is how the individual deals with unfair treatment and stress. Discriminatory experiences negatively affect mental health, in terms of higher stress levels and more depressive symptoms, among Hispanics/Latinos [63] . Past research has also demonstrated an association between inadequate coping and periodontal health [37, 64] . Additionally, stress may negatively affect the body's immune system, making the individual more susceptible to inflammatory periodontal disease and diminish participation in healthy behaviors and hygiene practices that would promote oral and periodontal health over time [41, 65] . Such findings coupled with our study results suggest that stress reduction mediated by teaching and supporting active coping strategies and successful stress management techniques may prove a worthwhile intervention for reduction of periodontal disease among Hispanics/Latinos. Further studies exploring stress, including unfair treatment due to ethnicity, along with coping strategies and other psychosocial factors, and acculturation are needed.
Unfair treatment and discrimination among Hispanics/ Latinos has not been explored in-depth. Past studies on this topic have focused primarily on Mexican-Americans [66] , but not on other Hispanic/Latino heritage groups, who may have very different experiences [63] . Perceptions of unfair treatment towards others is often stronger if it is grounded in personal experience and if an individual directly observed another being treated unfairly versus just being told about an incident from a family member or friend afterwards. Additional supplemental analyses (not shown) explored the different social contexts and examined the frequency of unfair treatment across the four different study sites. Unfair treatment was less commonly reported by participants in Miami than in the other sites. Participants across all study sites more frequently reported observing unfair treatment in others than perceived unfair treatment towards themselves. Unfair treatment due to ethnicity is complex, and the perceptions about unfair treatment can be influenced by broad social and political institutions and social environments. Among Hispanic/Latinos, discrimination attributable to race/ethnicity may be related to a range of possible indicators of belonging to a particular ethnic group, such as physical markers like skin tone, or English language proficiency or speaking with an accent [63] . Some of these may be more or less salient in communities where a particular Hispanic/Latino heritage group comprises a majority rather than the minority. The HCHS/SOL sites were in four A qualitative research approach is a needed next step to gain a deep understanding of the process of how adults from different Hispanic/Latino heritage groups experience and perceive unfair treatment due to their ethnicity, and its effect on their healthcare seeking and other health behaviors and oral health status. One recent ethnographic study of Latino farmworkers reported on injury and perceived discrimination, primarily from employers, and based on their ethnicity, ability to speak English, and nativity [67] . In the present study, we do not know the source of unfair treatment, or circumstances, and these social context factors can influence how strongly one feels discriminated against. Further, some evidence suggests that qualitatively studying experiences of unfair treatment may yield markedly different results than what is reported on closed-ended surveys [30] .
Acculturation is a complex construct and has also mostly been explored mostly for Mexican-Americans, and in terms of changing towards the dominant culture [68] . Acculturation is often only assessed by nativity and years in the U.S. by foreign-born individuals. These two measures alone do not completely and accurately capture this construct or shed light on the pathways by which it can affect health behaviors or status, and additional future research is needed. Other studies of the HCHS/SOL cohort reported no differences in very frequent discrimination based on time lived in the U.S. [69] . Kershaw and colleagues [69] included nativity, the SASH language subscale, and ethnic identity to measure acculturation. The SASH language subscale was negatively associated with periodontitis prevalence in this study. Language preferences may be relevant for health in terms of being better able to access health services and understand health information. The HCHS/SOL dataset also captured ethnic identity, which was not significant in the final adjusted model. This is in contrast to recently published findings exploring acculturation (in terms of language preference and nativity status) and periodontitis among Mexican-origin adults using 2009-2012 NHANES data which found that language preference was an important correlate, Spanish-speaking adults being 1.8 times more likely to have periodontitis compared to Englishspeaking counterparts [55] .
Ethnic identity and health are understudied among diverse Hispanic/Latino adults, and it is unknown how it may affect oral health outcomes. Ethnic identification is relevant to consider in relation to ethnic discrimination [70] . Those that strongly identify with being Hispanic/Latino may be more prone to be affected by unfair treatment attributable to their ethnicity. Further, perceptions of ethnic discrimination may vary for individuals based on other factors. A subsample of the HCHS/SOL cohort also participated in a Socio-Cultural Ancillary Study (SCAS) [71] and completed additional psychological scales, including a different discrimination scale than what was available for use in this analysis. The SCAS used the 17-item Brief Perceived Ethnic Discrimination Questionnaire-Community Version and its subscales [72] . Analyses exploring ethnic discrimination among the SCAS subsample concluded that regional geographic field center effects were more important than Hispanic/Latino background group effects [73] .
This study makes a unique contribution to the oral health disparities literature by exploring unfair treatment, a potential psychosocial stressor, in a large, diverse sample of Hispanic/ Latino adults in the population-based HCHS/SOL cohort. The HCHS/SOL dataset does not include a non-Hispanic comparison group. This cross-sectional analysis precludes statements of causal inferences; however, to our knowledge, no studies have demonstrated that observed unfair treatment was a relevant psychosocial factor positively associated with periodontitis in the Hispanic/Latino population in the U.S., while unfair treatment towards self was negatively associated. Future research into unfair treatment, towards self and others, as well as other psychosocial factors, and the possible mechanisms by which it can potentially affect periodontal health are needed. Further research could prove impactful and accelerate development of preventive interventions that address psychosocial stressors that may affect periodontitis.
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